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Appendix A

References for Biomonitoring
Analytical Methods

Dioxins, Furans, PCBs, Organochlorine Pesticides

Turner W, DiPietro E, Cash TP, McClure PC, Patterson,
DG Jr., Shirkhan H. An improved SPE extraction and
automated sample cleanup method for serum PCDDs,
PCDFs, and coplanar PCBs. Organohalogen Compounds
1994;19:31-5.

Turner W, DiPietro E, Lapeza C, Green V, Gill J,
Patterson, DG Jr, et al. Universal automated cleanup
system for the isotope-dilution high-resolution mass
spectrometric analysis of PCDDs, PCDFs, coplanar
PCBs, PCB congeners, and persistent pesticides from the
same serum sample. Organohalogen Compounds
1997;31:26-31.

Metals

Chen HP, Paschal DC, Miller DT, Morrow JC. Determi-
nation of total and inorganic mercury in whole blood by
on-line digestion with flow injection. Atomic Spectros-
copy 1998;19:176-9.

Miller, DT, Paschal DC, Gunter EW, Stroud PE,
D’Angelo J. Determination of lead in blood using
electrothermal atomization atomic absorption spectrome-
try with a L’vov platform and matrix modifier. Analyst
1987;112:1701-4.

Paschal DC, Ting BG, Morrow JC, Pirkle JL, Jackson
RJ, Sampson EJ, et al. Trace metals in urine of United
States residents: reference range concentrations. Environ
Res 1998;76:53-9.

Stoeppler M, Brandt K. Determination of cadmium in
whole blood and wurine by electrothermal atomic-
absorption spectrophotometry. Fresnius A Anal Chem
1980;300:372-80.

Pesticide Metabolites

Beeson MD, Driskell WJ, Barr DB. Isotope dilution
high-performance liquid chromatography/tandem mass
spectrometry method for quantifying urinary metabolites

of atrazine, malathion, and 2,4-dichlorophenoxyacetic
acid. Anal Chem 1999;71(16):3526-30.

Bravo R, Driskell WJ, Whitehead RD Jr, Needham LL,
Barr DB. Quantitation of dialkyl phosphate metabolites
of organophosphate pesticides in human urine using GC-
MS-MS with isotopic internal standards. J Anal Toxicol
2002;26:245-52.

Hill RH Jr, Shealy DB, Head SL, Williams CC, Bailey
SL, Gregg M, et al. Determination of pesticide metabo-
lites in human urine using isotope dilution technique and

tandem mass spectrometry. J Anal Toxicol
1995;19(5):323-9.

PAHs

Smith CJ, Huang WL, Walcott CJ, Turner W, Grainger J,
Patterson DG Jr. Quantification of monohydroxy-PAH
metabolites in urine by solid-phase extraction with
isotope dilution GC-HRMS. Analytical and Bioanalytical
Chemistry 2002; 372:216-20.

Phthalate Metabolites

Blount BC, Milgram KE, Silva M, Malek N, Reidy J,
Needham LL, et al. Quantitative detection of eight
phthalate metabolites in human urine using HPLC-APCI-
MS/MS. Anal Chem 2000;72:4127-34.

Phytoestrogens

Valentin-Blasini L, Blount BC, Rogers HS, Needham
LL. HPLC-MS/MS method or the measurement of seven
phytoestrogens in human serum and urine. J Expo Anal
Environ Epidemiol 2000;10:799-807.

Tobacco Smoke (Cotinine)

Bernert JT, Turner WE, Pirkle JL, Sosnoff CS, Akins JR,
Waldrep MK, et al. Development and validation of a
sensitive measurement of serum cotinine in both smokers
and nonsmokers by liquid chromatography/atmospheric
pressure ionization tandem mass spectrometry. Clin
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Appendix B

Confidence Interval Estimation
for Percentiles

A common practice to calculate confidence intervals
from survey data is to use large-sample normal approxi-
mations. 95% confidence intervals on point estimates of
percentiles are often computed by adding and subtracting
from the point estimate a quantity equal to twice its
standard error. This normal approximation method may
not be adequate, however, when estimating the propor-
tion of subjects above or below a selected value (espe-
cially when the proportion is near 0.0 or 1.0 or when the
effective sample size is small). In addition, confidence
intervals on proportions deviating from 0.5 are not
theoretically expected to be symmetric around the point
estimate. Also, adding and subtracting a multiple of the
standard error to an estimate near 0.0 or 1.0 can lead to
impossible confidence limits (i.e., proportion estimates
below 0.0 or above 1.0).

We used the method of Korn et al. (1998) to obtain 95%
confidence intervals about percentile estimates. We

describe the method below, using SAS Proc Univariate
and SUDAAN.

Procedure to calculate confidence intervals about
percentiles.

Step 1: Use SAS (SAS Institute Inc. 1999) Proc Univari-
ate to obtain a point estimate of the percentile of a
chemical’s results for the demographic group of interest,
for example, the 90" percentile of blood lead results for
children aged 1-5 years. Use the Freq option to assign
the correct sample weight for each chemical result.

Step 2: Use SUDAAN (SUDAAN Users Manual, 2001)
Proc Descript with Jackknife design option to estimate
the proportion of subjects with results below the percen-
tile estimate obtained in Step 1 and to obtain the standard
error associated with this proportion estimate.

Step 3: After obtaining an estimate of the proportion of
subjects below the estimated percentile value (i.e., the
proportion obtained in Step 2), compute the Clopper-
Pearson 95% confidence interval using the degrees-of-
freedom adjusted effective sample size (Korn and
Graubard, 1998). (Note: If the degrees-of-freedom
adjusted effective sample size is greater than the actual
sample size, the actual sample size should be used.) This
step will produce a lower and an upper limit for the
estimated proportion obtained in Step 2.

Step 4: Use SAS Proc Univariate (again using the Freq
option to assign weights) to determine the chemical
values that correspond to the proportion obtained in Step
2 and the lower and upper limits on this proportion
obtained in Step 3.

Example:

To estimate the 75™ percentile, use SAS Proc Univariate
with the Freq option to get a point estimate of the
chemical value that corresponds to the 75th percentile.
Then use SUDAAN to estimate the proportion of
subjects with results below the 75" percentile (which
should be very near 0.75). Next, obtain a confidence
interval on this proportion by computing the Clopper-
Pearson 95% confidence limits using the degrees-of-
freedom adjusted effective sample size. Suppose these
confidence limits are 0.67 and 0.81, then use SAS Proc
Univariate with the Freq option to determine the chemi-
cal values corresponding to the 67" and 81 percentiles.
These point estimates are the lower and upper confidence
limits on the 75™ percentile.
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